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Dispersal characteristics of swift foxes

Jan F. Kamler, Warren B. Ballard, Eric M. Gese, Robert L. Harrison, and
Seija M. Karki

Abstract: From 1997 to 2001, we monitored movements of 109 adult and 114 juvenile swift foxes, Vulpes velox (Say,
1823), at study sites in Colorado, New Mexico, and Texas to determine patterns of dispersal. Significantly more male
(93%) than female (58%) juveniles dispersed, and both sexes had similar bimodal dispersal patterns with peaks in
September—October and January—February. Adult dispersal occurred more evenly throughout the year, and significantly
more male (32%) than female (5%) adults dispersed. Adult males tended to disperse after the death of their mate. Of
dispersing foxes with known fates, settlement percentages in new territories were similar between juvenile males and
females (40% overall), but they were significantly lower than for adults (89%). All other dispersing foxes with known
fates died. Among juvenile females with known fates, similar percentages of philopatric and dispersing foxes repro-
duced as yearlings (50% overall), so the benefits of dispersal versus philopatry were not clear. Although rarely reported
for other species, adult males were an important dispersal cohort in swift foxes (43% of male dispersals and 25% of
all dispersals). Because of the female-biased philopatry among swift foxes, dispersal of adult males likely decreased the
chances for inbreeding (e.g., father—daughter breeding).

Résumé : De 1997 a 2001, nous avons suivi les déplacements de 109 adultes et de 114 jeunes du renard véloce, Vul-
pes velox (Say, 1823), dans des sites d’étude du Colorado, du Nouveau-Mexique et du Texas afin de déterminer leurs
patterns de dispersion. Significativement plus de jeunes males (93 %) que de jeunes femelles (58 %) se dispersent; les
patterns de dispersion bimodaux, avec des maximums en septembre—octobre et en janvier—février, sont semblables chez
les deux sexes. La dispersion des adultes se répartit plus uniformément au cours de ’année et elle implique significati-
vement plus de males (32 %) que de femelles (5 %). Les adultes males ont tendance a se disperser apres la mort de
leur partenaire. Chez les renards qui se sont dispersés et dont le sort est connu, le pourcentage d’animaux qui se sont
établis sur de nouveaux territoires est semblable chez les jeunes males et femelles (40 % en tout), mais il est significa-
tivement plus faible que chez les adultes (89 %). Tous les autres renards qui se sont dispersés et dont le sort est connu
sont morts. Chez les jeunes femelles dont le sort est connu, des pourcentages semblables d’animaux philopatriques et
dispersés se sont reproduits dés la premiere année (50 % en tout); les bénéfices de la dispersion par rapport a la philo-
patrie ne sont donc pas évidents. Alors que le phénomene a rarement été signalé chez d’autres especes, les males adul-
tes constituent une importante cohorte de dispersion chez les renards véloces (43 % des dispersions des males et 25 %
de toutes les dispersions). Puisque la philopatrie chez les renards véloces est surtout I’apanage des femelles, la disper-

sion des males adultes diminue vraisemblablement la probabilité des accouplements consanguins (e.g., accouplements

pere—fille).

[Traduit par la Rédaction]

Introduction

The conservation of swift foxes, Vulpes velox (Say, 1823),
is a management concern throughout the western Great
Plains of North America because of severe declines in their
distribution and numbers (Kahn et al. 1997). Conservation
actions include maintaining stable populations, increasing
and enhancing low populations, and reintroducing popula-
tions into parts of their former range (Scott-Brown et al.

1987; Kahn et al. 1997). Although research on swift foxes
has increased recently to help elucidate important aspects of
their ecology (Kitchen et al. 1999; Matlack et al. 2000;
Olsen and Lindzey 2002; Harrison 2003; Kamler et al. 2003),
little information exists concerning characteristics of their
dispersal. Dispersal can play an important role in the mating
system, genetic structure, population regulation, spatial dis-
tribution, and local extinction of many animal populations
(Chepko-Sade and Halpin 1987; Thomas 2000; Poethke et al.
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2003). Additionally, determining dispersal patterns of a species
can provide important information concerning their evolution-
ary history, social behavior, stability of population, and re-
colonization potential (Howard 1960; Roff 1975; Waser 1985).

Among canid species, there is considerable variation in
dispersal patterns, philopatry, social organization, and mat-
ing systems (Moehlman 1989). Several factors are suggested
to contribute to these behavioral variations among canid spe-
cies, including body size, feeding ecology, and resource
availability (Moehlman 1989; Geffen et al. 1996). Concern-
ing dispersal patterns, the common trend among fox species
is for juvenile males to disperse, whereas juvenile females
remain philopatric (Macdonald 1979; von Shantz 1981,
1984; Moehlman 1989; Koopman et al. 2000). A primary
reason for male-biased dispersal in juveniles appears to be
inbreeding avoidance (Pusey 1987), although other factors
may also be involved (Moore and Ali 1984; Dobson and
Jones 1985). Dispersal has several associated costs, such as
increased energy demands, difficulty in finding prey in unfa-
miliar areas, increased exposure to predators, and lack of
suitable cover (O’Neal et al. 1987; Koopman et al. 2000).
Consequently, it can be beneficial for juvenile females to re-
main philopatric because they can avoid the high costs of
dispersal, and even may acquire experience in raising young,
increase inclusive fitness, inherit a portion of the natal terri-
tory, and eventually achieve reproductive status (Moehlman
1989). However, juvenile females that remain philopatric
might be less likely to breed their first year compared with
dispersers, which constitutes a trade-off associated with
philopatry (Emlen 1982).

Little is known about dispersal behaviour of swift foxes.
In a previous analysis based on swift foxes studied from
1997 to 2001 in Colorado, New Mexico, and Texas, Kamler
et al. (2004) determined that breeding males usually dis-
persed after their mates’ deaths, and then often paired with
settled females in other territories. In contrast, breeding fe-
males usually maintained their territory after their mates’
deaths, and then often paired with dispersing males. Further-
more, males abandoned pups after female deaths, whereas
females successfully reared pups in the absence of males, in-
dicating swift foxes exhibited a female-based social system
(Kamler et al. 2004). The purpose of this paper, then, was to
describe the timing of swift fox dispersals, compare dis-
persal rates among demographic groups, and compare fates
of dispersing and philopatric individuals.

Methods

Data presented here are from three different research
teams that conducted separate studies of swift foxes from
1997 to 2001 in southeastern Colorado (E.M.G., S.M.K.),
northeastern New Mexico (R.L.H.), and northwestern Texas
(J.EK., WB.B.). Detailed descriptions of study sites can be
found in Kitchen et al. (1999) for Colorado, Harrison (2003)
for New Mexico, and Kamler et al. (2003) for Texas. In all
studies, swift foxes were captured in boxtraps, equipped
with radio collars, and then monitored on a weekly or
biweekly basis. Our research and handling protocols were
approved by the Institutional Animal Care and Use Commit-
tees at Texas Tech University (No. 00979BX), University of
New Mexico (No. 9811-B), Utah State University (No. 841),
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and the National Wildlife Research Center (No. QA-472).
Swift foxes were aged by tooth wear, body size, and repro-
ductive condition (Rongstad et al. 1989). Foxes were consid-
ered juveniles until the breeding season following their
birth, whereas all other foxes were considered adults. Fe-
male foxes were considered breeders if they were pregnant
when captured, or showed evidence of nursing during or af-
ter the pup-rearing season (e.g., elongated nipples; Mech et
al. 1993). Adult male foxes were considered breeders if they
had an established territory and were associated with an
adult female (radio-collared or un-radio-collared) during the
breeding and pup-rearing periods. Foxes were considered to
belong to the same family group if they used the same area
and dens concurrently (Kitchen et al. 1999).

Mean seasonal home ranges of swift foxes in Colorado
were <6 km? (Karki 2003; sample sizes were not large
enough to calculate seasonal home ranges in New Mexico
and Texas). Because swift foxes generally have circular
home ranges (Kamler 2002), movements >2 km from the
center of home ranges were classified as dispersal if the in-
dividuals did not return to their original home range
(Koopman et al. 2000). Of adults that dispersed, all had es-
tablished territories prior to dispersal. Natal ranges of young
encompassed all den locations of parents, and, if parents
were unknown, initial capture locations were used as center
of natal ranges (Koopman et al. 2000). During the dispersal
period, some juvenile foxes exhibited unusual movements
(e.g., concentrating activity near boundaries of their home
range) before we lost contact with them. We assumed that
these foxes dispersed because juveniles were easily cap-
tured, though none of these were captured again despite ex-
tensive trapping. Dispersal date for each individual was the
median between last location within their home range and
first location >2 km from their home range.

Dispersal percentages were determined for all demo-
graphic groups. For dispersed foxes with known fates,
settlement percentage was determined for all demographic
groups. A dispersed fox was considered settled if it used the
same dens within a 6-km? area for >1 month. For juvenile
females with known fates, breeding percentage was deter-
mined for philopatric and dispersing cohorts. A philopatric
female was considered a breeder if she was pregnant when
later captured, or showed evidence of nursing during or after
the pup-rearing season. Dispersing females were considered
breeders if they also showed the above signs of pregnancy,
or if they established a new territory in another part of the
study site and associated with an adult male during the re-
productive season. Causes of mortality for dead foxes was
determined by necropsy. Tooth-puncture wounds and hemor-
rhaging were used to identify predator-caused mortality. Dis-
persal, settlement, and breeding percentages were compared
with Yates’ corrected x2 tests (Zar 1996). Comparisons
among sites and years could not be made because of the
sample size limitation (five study sites in three states), thus
we performed analyses under the assumptions that individu-
als behaved similarly among sites and years.

Results

Juvenile dispersal
From 1997 to 2001, we radio-collared 126 juvenile
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Fig. 1. Month of dispersal for juvenile female (n = 31), juvenile male (n = 28), adult female (n = 3), adult male (n = 21) swift foxes
(Vulpes velox) monitored in Colorado, New Mexico, and Texas from 1997 to 2001.
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Table 1. Fates of dispersing juvenile and adult swift foxes (Vulpes velox) monitored in Colorado, New

Mexico, and Texas from 1997 to 2001.

Number with

Known fate

Number that Number that

n unknown fate (%)* settled (%)f died (%)*
Juvenile female 31 14 (31) 8 (47) 9 (53)
Juvenile male 28 15 (54) 4 (31) 9 (69)
Adult female 3 2 (67) 1 (100) 0 (0)
Adult male 21 13 (62) 7 (88) 1 (13)

*Dispersed off study sites and thereafter were not monitored. Percentage was calculated from all dispersing foxes.

Percentage of foxes with known fates.

(54 males, 72 females) swift foxes in Colorado, New Mex-
ico, and Texas. Twelve juveniles (10 males, 2 females) were
excluded from the data set owing to the loss of radio contact
(e.g., likely radio-collar failure). Fifty-two percent of juve-
niles dispersed from their natal range, including 44% of 70
females and 64% of 44 males. Because nondispersing foxes
that died <1 year of age might later have dispersed, we ex-
cluded these individuals (17 females, 14 males) from the fol-
lowing statistical comparisons. Among juveniles, a higher
percentage of males (93%) than females (58%) dispersed
(x> = 9.68, P = 0.002). Most juveniles dispersed September—
October and January—February. Both sexes followed this
trend, but juvenile female dispersal peaked in September,
whereas juvenile male dispersal peaked in February (Fig. 1).

Dispersing juveniles either died, settled in other parts of
the study sites, or dispersed off the study sites and had un-
known fates (Table 1). Because juvenile foxes that dispersed
off study sites had unknown fates, we excluded these indi-
viduals from subsequent analyses. Of dispersing juveniles
with known fates, settlement rates were similar (x2 = 0.28,
P = 0.599) between males (47%) and females (31%). All
other dispersing juveniles with known fates died (Table 1).

Of 22 juvenile females that remained philopatric (e.g., did
not die or disperse <1 year of age), 8 did not reproduce but
stayed within their parents’ home range as auxiliary adults,
13 reproduced within or adjacent to their natal range, and 1
had an unknown reproductive status. Of the 8 auxiliary fe-
males, 2 later died within their natal range, 2 had unknown
fates owing to the termination of the study, and the others

dispersed the following August (n = 1), September (n = 1),
and October (n = 2). Among juvenile females, a similar per-
centage of philopatric (62%) and dispersing (47%) foxes re-
produced as yearlings (x> = 0.34, P = 0.557). Two juvenile
males remained philopatric but their reproductive status was
unknown.

Dispersal of juveniles was generally in a straight direc-
tion, with no evidence of transient-like dispersal (Kamler et
al. 2000). Dispersal often was abrupt, although predispersal
excursions also were observed (Karki 2003). However, not
all juveniles that made excursions dispersed. For example,
one juvenile female traveled from her natal range twice (in
February and March, respectively), once as far as 20 km, be-
fore returning to her natal range in early April where she
thereafter remained philopatric.

Adult dispersal

From 1997 to 2001, we radio-collared 125 adult (66 males,
59 females) swift foxes in Colorado, New Mexico, and
Texas. A lower percentage of adults (22%) than juveniles
(52%) dispersed (x> = 19.83, P < 0.001). Among adults, a
higher percentage of males (32%) than females (5%) dis-
persed (P < 0.001). Adult dispersal occurred in every month
of the year, with no apparent peak in dispersal (Fig. 1). Of
dispersing males, at least 12 did so after the death of their
mate, whereas the mates of the remaining males were not
radio-collared (e.g., dispesal after mate’s death could not be
confirmed).
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Dispersing adults either died, settled on other parts of the
study sites, or dispersed off study sites and had unknown
fates (Table 1). Adults with unknown fates (e.g., dispersed
off study sites) were excluded from subsequent analyses. Of
all dispersing swift foxes with known fates, settlement rates
were higher (y*> = 4.81, P = 0.028) for adults (89%) than ju-
veniles (40%).

Mortality

There were 115 confirmed deaths (70 adults, 45 juveniles)
of swift foxes during the study period. Causes of mortality
were by coyote (Canis latrans Say, 1823) predation (n = 79),
unknown (n = 21), vehicle collisions (n = 8), disease (n = 3),
human trapping (n = 2), and badger (Taxidea taxus
(Schreber, 1777)) predation (n = 2). Most unknown causes
of mortality were probably from coyote predation, thus coy-
otes accounted for approximately 87% of swift fox mortali-
ties, followed by vehicle collisions (7%), disease (3%),
human trapping (2%), and badger predation (2%).

Discussion

Juvenile swift foxes exhibited female-biased philopatry,
similar to that found in other fox species. Previous research
showed that there often are trade-offs for philopatry versus
dispersal among foxes, especially concerning reproduction
and survival. For example, Baker et al. (1998) showed that
dispersal, rather than philopatry, was more likely to lead to
reproductive status among juvenile red foxes, Vulpes vulpes
(L., 1758). However, philopatric juveniles generally have
higher survival than dispersing juveniles among red foxes
(Harris and Trewhella 1988; Lindstrom 1989; Woollard and
Harris 1990) and kit foxes (Vulpes macrotis Merriam, 1888;
O’Neal et al. 1987). Dispersal rates for juveniles swift foxes
in our study appeared higher than that reported for other fox
species. For example, juvenile kit foxes had dispersal rates
of 49% for males and 24% for females (Koopman et al.
2000). Red fox cubs had dispersal rates of 73% for males
and 32% for females (Harris and Trewhella 1988). However,
dispersal rates among all the above studies were calculated
slightly differently, making comparisons difficult. Neverthe-
less, dispersal rates of foxes can be influenced by a range of
demographic and ecological factors (Harris and Trewhella
1988; Lindstrom 1989; Koopman et al. 2000).

Initially, we expected that philopatry would be associated
with higher reproduction on our study sites owing to high
mortality from coyote predation, as many adult females were
killed, allowing juvenile females to obtain breeding status
within their natal range. However, the benefits of philopatry
versus dispersal among female swift foxes on our study sites
were not clear, as both groups of females had similar repro-
ductive success as yearlings. It is possible that we lacked
sufficient sample sizes to find differences, as philopatric fe-
males tended to have a higher breeding rate. Additionally,
because philopatric juvenile females that did not breed usu-
ally associated with their parents’ next litter, these juvenile
females possibly could have benefitted through increased in-
clusive fitness, as has been suggested for red foxes (Mac-
donald 1979; von Shantz 1981). Nonbreeding females are
common among canid family groups, and have been re-
ported among other fox species, including red foxes (Mac-
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donald 1979; von Shantz 1981, 1984; Baker et al. 1998), kit
foxes (O’Neal et al. 1987; Koopman et al. 2000), and arctic
foxes (Alopex lagopus (L., 1758); Strand et al. 2000). Re-
gardless, approximately half of all juvenile female swift
foxes dispersed, suggesting that there were not large differ-
ences in benefits associated with dispersal versus philopatry.
Consequently, sexual differences in juvenile dispersal rates
were driven by males, as nearly all males that survived to
age | dispersed, suggesting the dispersal versus philopatry
decision was especially important to this sex. Unfortunately,
because too few juvenile male foxes remained in natal terri-
tories, we could not compare reproductive success between
dispersing and philopatric individuals.

Both male and female juveniles exhibited a bimodal dis-
persal pattern on our study sites, with dispersal peaks in
September—October and January—February. The approximate
age of juveniles during these two peaks were 6—7 months
and 10-11 months of age, respectively. In contrast, previous
studies on kit foxes (Koopman et al. 2000) and red foxes
(Harris and Trewhella 1988) showed only a single peak in
the timing of juvenile dispersal. Reasons for differences in
timing of dispersal among fox species are unknown, primar-
ily because the mechanisms triggering dispersal are not well
understood among canids.

Bimodal peaks in dispersal were exhibited by juvenile
coyotes (Harrison 1992) and young gray wolves (Canis
lupus L., 1758; Ballard et al. 1987; Gese and Mech 1991).
These dispersal patterns were likely related to increased ag-
gression among litter mates after initial independence, and
then increased aggression by adults on juveniles during the
breeding season (Gese and Mech 1991; Harrison 1992). The
same mechanisms might have affected the timing of swift
fox dispersals. The first peak in swift fox dispersal occurred
when juveniles were approximately 6—7 months of age, ap-
proximately 1-2 months after they became more independ-
ent (e.g., litters separated and pups began using different
dens; Karki 2003). Previous research showed that young
foxes can be highly aggressive towards each other (White
and Harris 1994), and aggression among young canids can
result in the emigration of lower ranking individuals (Gese
et al. 1996). Alternatively, less social siblings, on their own
accord, may be the first to disperse (Bekoff 1977). The sec-
ond peak in dispersal occurred when juveniles were approxi-
mately 10-11 months of age, during pair bonding of
breeding adults and just prior to birth of the next litter. Re-
search on red foxes showed that aggression by breeding
adults on juveniles increased during pair bonding and near
the birthing period (Macdonald 1979; von Shantz 1984), and
this often resulted in severe bite wounds on young foxes
(White and Harris 1994). Thus, similar to larger canids, tim-
ing of juvenile dispersal in swift foxes might have been in-
fluenced by periods of increased aggression by both siblings
and adults.

Of adults monitored, males (32%) were more likely to
disperse than females (5%). Because of the high dispersal
percentage of adult males, they were an important dispersal
cohort among swift foxes (43% of male dispersals and 25%
of all dispersals). High percentage of adult male dispersal
was not previously reported among other canid species. The
tendency for adult male swift foxes to disperse after the
death of their mates (Kamler et al. 2004) might have been
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beneficial in reducing inbreeding among family members.
For example, at least 13 philopatric juvenile females repro-
duced their first spring, although we found no evidence of
adult males breeding with their daughters. After adult female
deaths, adult males dispersed regardless if one or more of
their daughters remained. Although these dispersal patterns
were not reported in other canid species, they should be in-
vestigated in other small canids with similar niches as swift
foxes.

Because social organization and dispersal patterns within
canid species can be influenced by extrinsic factors, such as
resource dispersion and food availability (Moehlman 1989;
Geffen et al. 1996; Gese et al. 1996; Koopman et al. 2000),
dispersal patterns of swift foxes should be investigated in
other parts of their range. Our study sites were all located in
similar habitat (e.g., short-grass prairie) in the southern por-
tion of the range of swift foxes, thus they might not repre-
sent the full range of dispersal patterns exhibited by this
species.
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